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Abstract 

Experiments were designed to test the hypothesis that activation of forebrain 5-HTIA receptors elicits cardiovascular responses. The 
microinjection of R-( + )-8-hydroxy-2-(di-n-propylamino) tetralin [( + )-8-OH-DPAT], a selective 5-HTIA receptor agonist, in the preoptic 
area of conscious rats increased blood pressure and heart rate at doses of 0.2-20 nmol; lower doses (0.002 and 0.02 nmol) were 
ineffective. The concomitant administration of methiothepin, a non-selective 5-HT receptor antagonist, into the preoptic area attenuated 
the responses. In addition, the tachycardia elicited by (+)-8-OH-DPAT vvas abolished by the peripheral /3-adrenoceptor antagonist 
sotalol, but not by atropine methyl nitrate. Finally, the tachycardia, but not the hypertension, was also produced by (+)-8-OH-DPAT in 
urethane-anesthetized rats. These results suggest that activation of 5-HT~A receptors in the preoptic area or an adjacent region of the 
forebrain produces: (l) an increase in heart rate consistent with sympathoadrenal activation; and (2) an increase in blood pressure which 
might be the result of sympathoexcitation or secondary to behavioral arousal. 
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1. Introduction 

It is generally accepted that the central 5-HT1A receptor 
agonist 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH- 
DPAT) elicits hypotension and bradycardia by actions 
primarily in midbrain raph6 and brainstem nuclei (McCall 
and Clement, 1994). Recently, it was demonstrated that 
low doses of serotonin and selective 5-HTIA receptor 
agonists administered into the lateral cerebral ventricle in 
rats produce the opposite cardiovascular responses: hyper- 
tension and tachycardia (Anderson et al., 1992; Dedeo~lu 
and Fisher, 1991, 1994). It was suggested that these re- 
sponses were mediated by activation of 5-HT~A receptors 
in the forebrain. Earlier studies demonstrated that serotonin 
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can act within the preoptic area and/or  the anterior hypo- 
thalamus to affect the cardiovascular system (Kuhn et al., 
1980; Smits et al., 1978; Smits and Struyker-Boudier, 
1976; Wolf et al., 1981). For example, electrical stimula- 
tion of the dorsal raph~ nucleus increased blood pressure 
and heart rate; the effects were abolished by the applica- 
tion of non-selective 5-HT receptor antagonists into the 
preoptic area/anterior bypothalamus. Although these stud- 
ies do not necessarily implicate the 5-HTIA receptor, they 
provide evidence that there are forebrain sites in which 
activation of 5-HT receptors can elicit hypertension and 
tachycardia. 

Experiments were designed to investigate the effects of 
the full, selective 5-HT~A receptor agonist (+) -8-OH- 
DPAT on blood pressure and heart rate when microin- 
jected directly into the preoptic area. This route of admin- 
istration would limit the site of action to the forebrain, 
thereby reducing or eliminating the likelihood of activating 
5-HT~A receptors in the brainstem as would occur follow- 
ing i.c.v, injections. It was found that the microinjection of 
(+)-8-OH-DPAT into the preoptic area in conscious rats 
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elicited small and variable increases in blood pressure and 
modest consistent increases in heart rate. Additionally, the 
tachycardia was reduced by concomitant microinjection of 
the non-selective 5-HT receptor antagonist methiothepin 
and blocked by pre-treatment with the peripheral /3-adren- 
oceptor receptor antagonist sotalol. 

2. Materials and methods 

2. I. General methods 

Experiments were pedbrmed in male Sprague-Dawley 
rats (Harlan, Indianapolis, IN, USA). The animals were 
housed in temperature-controlled quarters (22.5°C) on a 
12-h l ight /dark cycle with ad libitum access to rat chow 
and tap water. 9 days before experiments in conscious 
animals, rats (240-270 g) were anesthetized with a mix- 
ture of acepromazine and ketamine (1.3 and 105 m g / k g  
i.p., respectively). Stainless-steel guide cannulas (26 gauge; 
Plastic Products, Roanoke, VA, USA) were implanted 
stereotaxically directed 1 mm above the preoptic area 
using the following coordinates: +8 .0  mm anterior from 
interaural zero, - 0 . 6  mm lateral from midline and + 2.1 
mm ventral from interaural zero. Approximately 1 week 
later, a polyethylene catheter filled with heparinized saline 
(50 U / m l  0.9% NaC1) was inserted into the abdominal 
aorta through the left femoral artery and routed s.c. to exit 
at the nape of the neck (Alper and Schmitz, 1996; P~rgola 
et al., 1993; P@gola and Alper, 1991, 1992). The rats were 
allowed to recover for at least 2 days following the catheter 
surgery. In 1 set of rats (Expt. 5, Section 3.6), catheters 
were also inserted through the femoral vein into the vena 
cava and exteriorized along with the arterial catheter. 
Except for the initial desensitization study (Expt. 1, Sec- 
tion 3.2), rats were used only I time. In the only experi- 
ment performed under anesthesia (Expt. 3, Section 3.4), 
stereotaxic surgery and arterial and venous catheter im- 
plantations were performed sequentially under aceproma- 
zine-ketamine anesthesia 48 h prior to the experiment. On 
the day of the experiment, the rats were anesthetized with 
urethane (1.2 g / k g  i.v.) and approximately 2 h later were 
administered either artificial cerebrospinal fluid (aCSF; 
vehicle) or ( + ) - 8 - O H - D P A T  into the preoptic area. 

2.2. Experimental protocols 

The exteriorized arterial catheter was connected to a 
P10EZ pressure transducer (Viggo-Spectramed, Oxnard, 
CA, USA) for continuous measurement of pulsatile blood 
pressure. Conscious rats were then allowed at least 60 min 
to acclimate to the laboratory in their home cage. An 
internal cannula (33 gauge) attached via polyethylene tub- 
ing to a 10-tzl syringe was back-filled with aCSF or drug 
to eliminate any dead volume and inserted to extend 1 mm 
below the tip of the guide cannula; blood pressure and 

heart rate were allowed to return to baseline levels. All 
injections were unilateral (250 nl in 10 s) and cardio- 
vascular parameters were monitored for at least 30 rain. 
Arterial blood pressure (ram Hg) was calculated for 30-s 
periods as a mean of 200 data po in ts / s  of pulsatile arterial 
pressure; heart rate (beats /rain)  was derived Jbr 30-s 
intervals at a sampling rate of I Hz using a tachograph 
triggered by the pulsatile blood pressure signal. A Grass 
model 7D polygraph (Grass Instruments, Quincy, MA, 
USA) and computerized data acquisition (LabTech NOTE- 
BOOK, Laboratory Technology, Wilmington, MA, USA) 
were used for data collection. 

2.3. Drugs 

The full 5-HT~A receptor agonist ( + ) - 8 - O H - D P A T  [ R- 
(+) -8-hydroxy-2- (d i -n-propylamino) te t ra l in  hydrobro- 
mide] and the non-selective 5-HT receptor antagonist me- 
thiothepin (methiothepin mesylate) were purchased from 
RBI (Research Biochemicals, Natick, MA, USA), dis- 
solved in aCSF (pH 7.6; Mitchell et al., 1963) and pre- 
pared fresh daily. Atropine (atropine methyl nitrate), ure- 
thane, thionin (all purchased from Sigma, St. Louis, MO, 
USA) and sotalol (a gift from Brystol-Myers, Evansville, 
IN, USA) were dissolved in 0.9% NaCI. 

2.4. Histology 

Rats were anesthetized with urethane (1.2 g / k g  i.p.) 
and 250 nl thionin solution (13 m g / m l )  were microin- 
jected in 10 s through the implanted guide cannula for 
localization of the injection site. The animals were per- 
fused transcardially with 0.9% saline followed by 10% 
buffered formalin solution, The brains were removed, al- 
lowed to fix in the 10% buffered formalin for at least 24 h. 
cut into 250-/~m coronal sections using a Lancer series 
1000 vibratome and stained (Riboni et al., 1991). Data 
only from rats with injection sites within the medial or 
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Distance from Bregma (mm) 

Fig. 1. Schematic representation of microinjection site. Coronal sections 
of rat brain demonstrating the approximate distribution of dye injection 
(250 nl/10 s). Data were analyzed only if the darkest staining was 
localized to the medial and lateral preoptic areas as represented by the 
black circle in the middle panel. Both the size and shading of the circle 
are rough estimates of what was observed npon histological examination. 
The distances from bregma are based on Paxinos and Watson (1986). ac, 
anterior commissure; cc, corpus callosum; cpu, caudate putamen: poa, 
preoptic area. 
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lateral preoptic area (represented schematically in Fig. I) 
were analyzed and included in the study. 

2.5. Data analysis and statistics 

Data are presented as change in blood pressure or heart 
rate from a pre-injection baseline value or as the area 
under the curve (AUC) of the responses. Maximal changes 
in blood pressure and heart rate were calculated as the 
differences between the pre-injection baseline for each 
individual rat and the highest 30 s mean value recorded 
during the 10 rain subsequent to drug microinjection. The 
baseline values of blood pressure and heart rate for all 
experiments are presented in the tables, figures or figure 
legends. The AUCs were calculated from the changes in 
blood pressure and heart rate over the first 10 rain follow- 
ing microinjection using the trapezoidal rule to integrate 
the magnitude and duration of the responses. 

Data are expressed as the m e a n _  S.E.M. determined 
from 4-13 rats/group. The data were analyzed by one- or 
two-way analysis of variance (as appropriate) followed 
post-hoc by Student-Newman-Keuls' test for all pair-wise 
multiple comparison procedures or Dunnett's test for com- 
parison to the control group. In all cases, differences 
between groups were considered to be significant at P < 
0.05. 

3. Results 

3.1. Histology 

Data presented in this study represent responses only 
from rats where the injection site was limited to the medial 

and lateral preoptic areas (Fig. 1). The injection of 250 nl 
of dye normally was observed in two 250-/zm sections (the 
middle and right panels of Fig. 1) with the predominant 
staining always within 1 coronal section approximately 
- 0.20 mm from bregma. In some rats, there was a trace of 
dye observed in the preceding section whereas most of the 
brains contained modest staining in the subsequent section. 
If dye was in the lateral or third ventricles, centered 
> 0.75 mm lateral from midline, reaching the anterior 
commissure or in the section - 0 . 7 0  mm from bregma, the 
data were not analyzed. 

3.2. Expt. 1: Effects q]" repeated microinjections into the 
preoptic area in conscious rats 

To determine if repeated microinjections into the preop- 
tic area elicited reproducible responses, aCSF (250 nl) or 
(+)-8-OH-DPAT (20 nmol/250 nl) was administered 4 
times at 48-h intervals. Blood pressure and heart rate were 
recorded prior to (Table 1) and for 30 rain subsequent to 
each of the treatments. The data, presented as maximal 
change from the pre-injection baseline, demonstrate that 
the administration of aCSF into the preoptic area did not 
produce a significant effect on blood pressure or heart rate 
following any of the 4 injections (open columns, Fig. 2). 
By contrast, the 5-HTIA receptor agonist (+)-8-OH-DPAT 
increased both blood pressure and heart rate as compared 
to aCSF and baseline on trial 1 (filled columns, Fig. 2). 
Neither blood pressure nor heart rate responses to (+) -8-  
OH-DPAT were significantly different from aCSF on trials 
2-4. In addition, there were no differences between the 
responses produced by (+)-8-OH-DPAT on trial 1 when 
compared to any other trial. 
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Fig. 2. Maximal  changes in blood pressure and heart rate elicited by microinjection of ( + )-8-OH-DPAT into the preoptic area of conscious rats diminish 
upon repeated injection, aCSF (250 nl, n = 4) or (+ ) -8 -OH-DPAT (20 nmol, n = 6) was injected into the preoptic area of conscious rats 4 times (trials 
1-4)  with 48 h between trials. Colunms represent the mean _+_ S .EM.  Baseline values of blood pressure and heart rate for each trial are presented in Table 
1. * Significantly different from baseline and aCSF for the same trial. 
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Table 1 
Baseline blood pressures and heart rates for data presented in Fig. 2 

(Pharmacology 315 (1996) 187-194 

Trial Baseline values 
aCSF 

Blood pressure (ram Hg) Heart rate (beats/min) 

(+)-8-OH-DPAT 

Blood pressure (mm Hg) Heart rate (beats/rain) 

I 99 _+ 2 369 4- 20 104 4- 2 377 _+ 10 
2 108 4- 5 365 4- 19 104 ± 5 384 4- 16 
3 102 4- 2 370 4- 17 109 4- 4 403 _+ 5 
4 1004-4 3774-20 105 4- 5 371 4- 14 

Mean 4- S.E.M. values of blood pressure and heart rate determined in conscious rats prior to the microinjection of aCSF or (+)-8-OH-DPAT into the 
preoptic area on 4 separate trials at 48-h intervals. See legend to Fig. 2 for further details. There were no differences between trial number or treatment 
(P > 0.05). 

On trials 2-4, (+)-8-OH-DPAT (20 nmol) tended to 
produce a mild bradycardia beginning approximately 5 
rain after microinjection. The maximal decreases occurred 
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Fig. 3. Descriptive representation of blood pressure and heart rate re- 
sponses elicited by microinjection of aCSF or a dose (0.002-20 nmol) of 
(+)-8-OH-DPAT into the preoptic area of conscious rats. Symbols 
represent the mean change in blood pressure or heart rate at 30-s intervals 
from t = 0 (baseline). See Table 2 for baseline data and quantitative 

analyses. 

around l0 rain and were - 3 2  + 21, - 2 0  ± 20 and - 2 5  
_+ l l beats/min following trials 2, 3 and 4, respectively. 
This bradycardia was rarely observed following the first 
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Fig. 4. The non-selective serotonin receptor antagonist methiothepin 
attenuated the blood pressure and heart rate responses produced by the 
microinjection ( +)-8-OH-DPAT into the preoptic area of conscious rats. 
Rats were injected with aCSF (250 hi; n=8 ) ,  (+)-8-OH-DPAT (0.2 
nmol, n =  12), methiothepin (1 nmol, n =  11) or the combination of 
methiothepin (1 nmol)+(+)-8-OH-DPAT (0.2 nmol, n = 11). The data 
represent the maximal changes from baseline. The baseline values (blood 
pressure in mm Hg and heart rate in beats/rain) for the 4 treatment 
groups were: (1) aCSF; 1064-2 and 3804-7; (2) (+)-8-OH-DPAT; 
111 4- 1 and 382 4- 7; (3) methiothepin; 115 4- 3 and 384 4- 5; and (4) the 
combination; 110±2 and 401 _+5. * Significantly different from aCSF. 
~Significantly different from ( + )-8-OH-DPAT. 
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Table 2 
Blood pressure and heart rate responses elicited by microinjection of aCSF and graded doses of (+ ) -8 -OH-DPAT (in nmol) into the preoptic area of 

conscious rats 

Baseline Maximal change AUC 

Blood Heart rate Blood Heart rate Blood Heart rate 

pressure (bea ts / ra in)  pressure (bea t s / ra in )  pressure (bea ts / ra in  × rain) 

(ram Hg) (ram Hg) (ram Hg × rain) 

aCSF 118 + 3 414.+ 10 5 ± 1 26+_4 5 -+ 10 91 _+ 27 

( + )-8-OH-DPAT 

0.002 127+_6 423.+ 16 5 +  1 31 _+6 13-+8 1 0 6 + 4 5  
0.02 129_+ 4 422_+ 12 7 . + 2  37_+8 15_+8 171 _+72 

0.2 127 _+ 7 408 _+ 19 15 ± 1 " 92 _+ 13 ' 67 _+ 6 ~ 450_+ 71 ~' 

2 115_+4 423_+ 12 17-+2 ~ 92+_+ 16 ~' 90-+ 17 ~ 576-+ 130 " 

6.3 116_+2 388-+ 13 16 .+2  ~' 103-+ 14 ~' 6 7 ± 2 3  ~' 604_+ 140 ~ 
20 114 -+ 1 430 -+ 12 13 ± ,1 87 _+ 8 ~ 68 _+ 5 ~ 290 +_ 45 

Conscious rats were injected with aCSF (250 nl) or 1 dose of ( + )-8-OH-DPAT into the preoptic area. The time-courses are presented in Fig. 3. Data were 

calculated as described in Section 2 and are expressed as mean _+ S.E.M. as determined from 6 - 1 2  ra ts /group.  
a Significantly different from aCSF. 

injection of (+)-8-OH-DPAT. Since it appeared that the 
responses to (+)-8-OH-DPAT decreased and/or  changed 
upon repeated injections, rats were used only 1 time in all 
subsequent experiments. 

3.3. Expt. 2: Time-course following the microinjection of 
graded doses of( + )-8-OH-DPAT into the preoptic area in 
conscious rats 

The time-course for the effects of graded doses of 
(+)-8-OH-DPAT administered into the preoptic area of 
conscious rats on blood pressure and heart rate is presented 
descriptively in Fig. 3. The pressor and tachycardic re- 
sponses were maximal following the microinjection of 2 
nmol (Table 2), peaked 4-7  rain after drug microinjection 
and were maintained above control for 10-15 min. The 
peak responses reported in Table 2 are greater than the 
values at any time-point presented in Fig. 3. This was due 
to variation in the time at which the peak responses 
occurred in individual rats, which is the value used to 
calculate the mean presented in the table (see Section 2.5 
for description of calculations). The administration of 20 
nmol (+)-8-OH-DPAT produced an increase in blood 

pressure that was not statistically distinguished from the 2 
lower doses as determined by maximal changes or AUC 
(Table 2). Similarly, 2, 6.3 and 20 nmol produced equiva- 
lent maximal increases in heart rate. However, when ex- 
pressed as AUC the tachycardia elicited by the highest 
dose was less than that produced by either 2 or 6.3 nmol 
(Table 2) due to a shorter duration of the response (see 
Fig. 3). 

3.4. Expt. 3: effects" of( + )-8-OH-DPAT microinjected into 
the preoptic area in anesthetized rats 

Administration of (+)-8-OH-DPAT into the preoptic 
area increased motor activity as assessed subjectively. To 
determine if the cardiovascular responses might be sec- 
ondary to behavioral activation, ( + )-8-OH-DPAT (2 nmol) 
was administered into the preoptic area of urethane- 
anesthetized rats. The 5-HTIA receptor agonist increased 
heart rate but not blood pressure when compared to aCSF- 
injected controls (Table 3). The maximal increase in heart 
rate occurred within 3-9  min after microinjection and was 
sustained for approximately 10 min. The rats remained 
deeply anesthetized throughout the duration of the experi- 

Table 3 

Blood pressure and heart rate responses elicited by microinjection of aCSF and 2 nmol ( + )-8-OH-DPAT into the preoptic area of urethane-anesthetized 
rats 

Baseline Maximal  change AUC 

Blood Heart rate Blood Heart rate Blood Heart rate 

pressure (bea t s /min )  pressure (bea ts / ra in)  pressure (bea t s / ra in  X rain) 

(ram Hg) (ram Hg) (ram Hg × min) 

aCSF 114_+8 483_+9 I ± 1 14__+ 1 - 2 - + 6  11-+ 18 
( + ) - 8 - O H - D P A T  118 4:- 5 477 _+ 14 8 _+ 2 31 _+ 8 " 40 _+ 14 199 _+ 65 a 

Urethane-anesthetized rats were injected with aCSF (250 nl, n = 4) or ( + )-8-OH-DPAT (2 nmol, n = 5) into the preoptic area. Each rat was used only for 
1 drug injection. Data were calculated as described in Section 2 and are expressed as mean ± S.E.M. 

Significantly differem from aCSF. 
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ment. Thus, although some of the response produced by 
(+)-8-OH-DPAT might be secondary to the behavior, 
microinjection of the 5-HTIA receptor agonist clearly 
elicited tachycardia in the absence of movement. 

3.5. Expt. 4: effects of the 5-HT receptor antagonist me- 
thiothepin in conscious rats 

In a pilot study, the microinjection of the non-selective 
5-HT receptor antagonist methiothepin in doses up to 1 
nmol into the preoptic area did not produce significant 
cardiovascular responses. At _> 10 nmol, increases in blood 
pressure and heart rate were observed (data not presented). 

To determine if methiothepin would decrease the re- 
sponse elicited by (+)-8-OH-DPAT, aCSF, (+)-8-OH- 
DPAT (0.2 nmol), methiothepin (1 nmol) or methiothepin 
plus ( +)-8-OH-DPAT (1 and 0.2 nmol, respectively) were 
administered as a single 250 nl microinjection into the 
preoptic area (Fig. 4). The 5-HT~A receptor agonist (+)-8-  
OH-DPAT increased both blood pressure and heart rate 
whereas methiothepin by itself did not alter either parame- 
ter. The blood pressure response elicited by the simultane- 
ous microinjection of the 2 drugs was greater than aCSF, 
but not different from either drug alone (top panel, Fig. 4). 
The microinjection of methiothepin plus ( +)-8-OH-DPAT 
increased heart rate when compared to either aCSF or 

methiothepin, however, the tachycardia elicited by the 
combination was significantly less than that produced by 
(+)-8-OH-DPAT (bottom panel, Fig. 4). Thus, methio- 
thepin attenuated but did not eliminate cardiovascular re- 
sponses elicited by (+)-8-OH-DPAT. 

3.6. Expt. 5: effects qf autonomic receptor antagonists on 
( + )-8-OH-DPA T-induced tachycardia in conscious rats 

To determine if tile tachycardia elicited by (+)-8-OH- 
DPAT in the preoptic area was produced by sympathoad- 
renal stimulation or by vagal withdrawal, rats were pre- 
treated i.v. with either the peripheral /3-adrenoceptor re- 
ceptor antagonist sotalol (10 mg/kg) or the peripheral 
muscarinic receptor antagonist atropine (1 mg/kg). Pre- 
dictably, sotalol decreased and atropine increased heart 
rate (open columns, Fig. 5). When administered 5 rain 
after the autonomic receptor antagonists, ( + )-8-OH-DPAT 
(0.2 nmol) increased heart rate in saline- and atropine-pre- 
treated rats, but not in those rats pre-treated with sotalol 
(Fig. 5). This suggests that (+)-8-OH-DPAT acts within 
the forebrain to increase heart rate by sympathoadrenal 
activation. 

4. Discussion 
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Fig. 5. Sotalol, but not atropine, blocked the tachycardia produced by the 
microinjection of (+)-8-OH-DPAT into the preoptic area of conscious 
rats. Rats were injected intravenously with saline (100 /zl/kg, n =  7), 
sotalol (I0 mg/kg ,  n =  8) or atropine (1 mg/kg ,  n =  7). 5 rain later, 
heart rate was determined (Control, open columns) and then all rats 
received (+)-8-OH-DPAT (2 nmol) into the preoptic area. Maximal 
values within the subsequent 10 rain were recorded (filled columns). 
* Significantly different from appropriate Control value. ~Significantly 
different from Saline/Control value. 

The experiments presented in this study demonstrate 
that activation of 5-HT]A receptors by the microinjection 
of (+)-8-OH-DPAT into the preoptic area causes slight, 
variable increases in blood pressure and robust, consistent 
increases in heart rate in conscious, freely moving rats. 
The tachycardia is mediated by sympathoadrenal activation 
unrelated to changes in overt behavior and the hyper- 
tension similarly may be due to sympathetic activation or 
may be, in part, secondary to behavioral arousal as it was 
absent in urethane-anesthetized rats. Our studies did not 
assess the role of the sympathetic nervous system in the 
pressor response to (+)-8-OH-DPAT. 

The experiments were initiated in response to the hy- 
pothesis put forth that activation of 5-HT~A receptors in 
the forebrain can produce hypertension and tachycardia. 
This hypothesis was derived indirectly from 2 observa- 
tions: (1) the administration of serotonin and selective 
5-HTIA receptor agonists into the lateral cerebral ventricle 
at appropriate doses increases blood pressure, heart rate 
(Anderson et al., 1992; Dedeo~lu and Fisher, 1991, 1994) 
and renal nerve activity (Anderson et al., 1992) in rats; and 
(2) the well-established role for midbrain and brainstem 
5-HTIA receptors to inhibit sympathetic and excite vagal 
outflow from the central nervous system (McCall and 
Clement, 1994). Within the rat forebrain, 5-HTtA receptors 
have been found in low to moderate densities in various 
hypothalamic nuclei, the preoptic area and the bed nucleus 
of the stria terminalis (Chalmers and Watson, 1991; Pore- 
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peiano et al., 1992). With that in mind and with the 
knowledge that serotonin can elicit cardiovascular re- 
sponses in the preoptic area (Kubn et al., 1980; Smits et 
al., 1978; Smits and Struyker-Boudier, 1976; Wolf et al.. 
1981), it seemed a likely site to examine, It was found was 
that (+)-8-OH-DPAT, a highly selective 5-HTIA receptor 
agonist, when microinjected into the preoptic area in a 
volume of 250 nl produced cardiovascular responses that 
were attenuated by a non-selective 5-HT receptor antago- 
nist. methiothepin. These observations are similar to those 
reported previously following the administration of rela- 
tively low doses of ( ± )-8-OH-DPAT into the lateral cere- 
bral ventricle of conscious rats (Dedeo~lu and Fisher, 
1991). Thus, the current data confirm the hypothesis put 
forth by others that activation of forebrain 5-HT~A recep- 
tors can produce hypertension and tachycardia. 

Although the distribution of the drug was not deter- 
mined, it is felt to be limited to a sphere of tissue substan- 
tially < I mm in diameter based on several factors. First, 
the injection of an equivalent volume of dye over the same 
10 s routinely appeared in only 2-3  coronal sections of 
approximately 250 /am each. Thus, the diffusion of the 
dye was limited to a sphere of not more than 300-400 /~m 
in diameter. Second, 20 nmol (+)-8-OH-DPAT in 250 nl 
aCSF did not alter blood pressure or heart rate when 
microinjected into the anterior hypothalamic area (B.L. 
Butz and R.H. Alper, unpublished observations). Appar- 
ently, < I% of the drug diffused the 1.5 mm distance 
between the anterior hypothalamus and the preoptic area 
since as little as 0.2 nmol increase blood pressure and heart 
rate when applied to the preoptic area. Third, if (+) -8-  
OH-DPAT had diffused into the third ventricle (only 750 
p,m from the center of the injection site), the responses 
would have been a slight hypotension and a marked brady- 
cardia (Dedeo~lu and Fisher, 1991; Alper and Schmitz. 
1996). Although such responses were not observed, diffu- 
sion of (+)-8-OH-DPAT into the CSF or to the brainstem 
by some other route might have contributed to the biphasic 
nature on heart rate elicited by the highest dose. Finally, in 
a study designed to determine the effect of volume and 
rate of injection on the diffusion of [3H]bicuculline when 
microinjected into the paraventricular nucleus, Segura et 
al. (1992) found that neither variable was particularly 
critical to the extent of the distribution of the drug. Al- 
though it cannot be stated with certainty that the preoptic 
area is the precise site of action in the current study, it is 
without a doubt that activation of 5-HTIA receptors in the 
forebrain, most likely in the preoptic area or a region 
within approximately 500-750 p,m of the preoptic area, 
such as the bed nucleus of the stria terminalis, increases 
blood pressure and heart rate. 

The cardiovascular response did not demonstrate a clear 
dose-response relationship. That is, in doses ranging from 
0.2 to 20 nmol a slight increase in blood pressure and a 
more substantial increase in heart rate were observed 
although there were no statistical differences among the 

doses. The microinjection of 2 lower doses (+)-8-OH- 
DPAT or vehicle (250 nl of aCSF) into the preoptic area 
did not affect the cardiovascular system, thus, the re- 
sponses were not injection artifacts. Since the tachycardia 
was attenuated by the concomitant microinjection of the 
non-selective 5-HT receptor antagonist methiothepin, we 
can further conclude that the increase in heart rate was 
receptor-mediated and not simply a response to the appli- 
cation of a hypertonic solution. If the response had been to 
the solute unrelated to 5-HTIA receptor activation, the 
combination of (+)-8-OH-DPAT (0.2 nmol) and methio- 
thepin (1 nmol) would have elicited a tachycardia similar 
to o1' greater than (+)-8-OH-DPAT (0.2 nmol) alone. 
Although it is probable that 5-HT~A receptors are involved 
due primarily to the high degree of specificity of (+) -8-  
OH-DPAT for that receptor, a role for the 5-HT 7 receptor 
cannot be ruled out (Bard et al., 1993; Tsou et al., 1994). 

The mechanism by which microinjection of (+) -8-  
OH-DPAT into the preoptic area increases heart rate in- 
volves activation of cardiac and/or  adrenal sympathetic 
nerves. This is based on the observation that the peripheral 
/3-adrenoceptor receptor antagonist sotalol (Antonaccio and 
Gomoll, 1988) completely abolished the tachycardia. It 
appears unlikely that ( + )-8-OH-DPAT produced a marked 
generalized sympathetic stimulation since the increase in 
blood pressure was relatively small, very variable and may 
have been secondary to behavioral activation (it was abol- 
ished in urethane-anesthetized rats). It is as yet unknown if 
the sympathetic nervous system participates in the pressor 
response. 

In closing, it was found that the microinjection of the 
selective 5-HTIa receptor agonist (+)-8-OH-DPAT di- 
rectly into the preoptic area of conscious rats produced 
time-dependent increases in blood pressure and heart rate. 
The tachycardia was clearly was mediated by sympathoad- 
renal activation whereas the increase in blood pressure 
might have been due to increased sympathetic outflow or 
secondary to behavioral arousal. These data provide the 
first direct evidence that 5-HT~A receptors in the preoptic 
area and/or  adjacent forebrain structures participate in 
central cardiovascular regulation. It is important to note 
that these 5-HTjA receptors produce cardiovascular and 
underlying autonomic responses that are opposite to those 
commonly associated with midbrain and brainstem 5-HT~a 
receptor activation. The functional importance of forebrain 
5-HTla receptors in cardiovascular physiology and phar- 
macology is yet to be determined. 
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